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Five papers were submitted for inclusion in Volume 10:'AIl
presentation titles and the authors are listed below along
with their phone number. A check in the margin denotes that a
paper is included in this volume.

/ V:ITARGET NON-HOMOGENEITY AND EFFECT ON
EPW DESIGN,

William J. Patterson
Sandia National Laboratories
Penetrator Weapon Development Division
P. 0. Box 5800
Albuquerque, NM 87185
Phone: (505) 844-6915

C. Wayne Young
Sandia National Laboratories
9122 - Advanced Projects Division II
P. 0. Box 5800
Albuquerque, NM 87185
Phone: (505) 844-4842

ANALYTICAL ESTIMATION OF TRANSIENT STRUCTURAL
v1 RESPONSE OF EARTH PENETRATING WEAPONS,

Robert J. Kipp
Sandia National Laboratories
Applied Mechanics Division II
P. 0. Box 5800
Albuquerque, NM 87185
Phone: (505) 846-3602

" EXPERIMENTAL EARTH PENETRATOR RESPONSE DATA
ANALYSIS FOR APPLIED FORCE ESTIMATION,

Vesta Batemen . . .
Sandia National Laboratories
7542 - Vibration Testing Division .* ;, ,
P. 0. Box 3800
Albuquerque, NM 87185
Phone: (505) 844-8704

Approved for Public Release. Distribution
Unlimited.
Per Dr. Bob Strickler, TRW Inc. -
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/- 'WEIGHfT OPTIMIZATION OF EARTH PENETRATING WEAPONS

Ned R. Hansen and Kevin R. Ekiund
Sandia National Laboratories
5165 Penetrator Weapon Development Div.
P. 0. Box 5800
Albuquerque, NM 87185
Phone: (505) 844-8891

(505) 844-8892

--)ATTACKING STRATEGIC RELOCATABLE TARGETS:
AN ARTIFICIAL INTELLIGENCE APPROACH,

H. W. Egdorf
Los Alamos National Laboratory
Los Alamos, NM 87545
Phone: (505) 667-1087

LTC John Denelsbeck, SACLO
Los Alamos National Laboratory, MS F631
Los Alamos, NM 87545
Phone: (505) 667-3510

SLBM PENETRATION CONCEPT STUDY

Drs. Alfred M. Morrison and Ronald S. Brunsvold
Naval Surface WarfARE Center - K201
Silver Spring, MD 20903-5000
Phone: (202) 394-3894

(202) 394-2082

A STRATEGIC MISSILE DESIGN IN RESPONSE TO A
FLIGHT TEST BAN .

Bob Dietz
Lockheed Missiles & Space Co., Inc.
Advanced Concepts - 0/81-71, Bldg. 157
P. 0. Box 3504
Sunnyvale, CA 94088-3504
Phone: (408) 756-1909
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-'To be presented at AIAA Missile Systems Missiae Sciences Conference.
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Analytical Estimation of Transient Structural Response
of Earth Penetrating Weapons and Comparison with

Laboratory and Field Test Data

Robert J. Kipp
Applied Mechanics Division II

Sandia National Laboratories
Albuquerque, New Mexico

Applications of analytical techniques for predicting response of Earth
Penetrator Weapons (EPWs during severe penetration events include
evaluating EPW capabilities and determining the desirability or feasibility
of design modifications. Analysis can also enable a "balanced design" to be
achieved, which is an EPW design where no structure or component has
significantly less capability to survive prospective penetration events than
other structures or components of the penetrator. To be useful in these
applications, the analytical technique should be able to determine stresses
in the EPW case as well as the shock environment at locations of components
which must survive the penetration event. An analytical technique is being
used at Sandia that utilizes cavity expansion load models to determine time-
and spacially- dependent axial and lateral forces on a rigid body penetrator
that are then applied to a detailed structural model of the EPW. Case
stresses and component shock environments are thus estimated for various
penetration target and event parameters.

Transient lateral load-induced phenomena, such as component lateral
accelerations and case bending stresses, are extremely important in the
determination of EPW capability and yet are very difficult to characterize
and quantify Recently, data systems have become available which are
enabling the simultaneous acquisition of axial and lateral accelerations and
case strains during actual penetration events with a high degree of
dependability. This now allows meaningful comparisons with analytical
predictions of structural response, including lateral load-induced
phenomena. The accuracy of the structural models can be verified independent
of the penetration load uncertainty through comparison with data from
laboratory modal and shock tests that have beer, performed on field test
configuration penetrator units. The internal structures included in these
units are rather complex and significantly affect the response of the
penetrator to time-dependent loads.

This paper discusses the the analytical technique used in penetration
analysis. presents results that have been useful in determining EPW
capability and achieving a balanced design, and discusses efforts to
reconcile the analytical response predictions with available laboratory and
field test data.



ANALYTICAL ESTIMATION OF TRANSIENT STRUCTURAL RESPONSE

OF EARTH PENETRATING WEAPONS AND COMPARISON WITH

LABORATORY AND FIELD TEST DATA

Robert J. Kipp
Applied Mechanics Division I1

Sandia National Laboratories
Albuquerque, New Mexico

Annotations for enclosed view foils (as numbered):

1. Title. This presentation discusses several topics: 1. a methodology by
which transient structural response of an earth penetrating weapon (EPW) is
calculated; 2. an application of this methodology in which the structural
capability of an EPW was determined, and a corresponding worst-case
component environment analytically defined; 3. efforts to validate the
accuracy of the analytical technique; and 4. some Insights regarding earth
penetration phenomena gleaned from analyses and testing.

2. Illustrates methodology of earth penetrator analytical technique. Axial
and lateral force-time histories are obtained from cavity expansion load
models assuming a rigid penstrator (top). These are applied to a structural
model of penetrator (bottom). Shell, solid, beam, and lumped mass elements
are used to model the case and internals. The lateral forces are modeled as
acting at discrete locations along the penetrator.

3. Examples of target material models used In cavity expansion code GNOME
to predict loads during penetration. The target material is assumed to be
either spherically expanding or radially (cylindrically) expanding away from
the Invading surface. These kinematic assumptions permit calculation of the
penetrator/target interaction without the need to discretize the target into
finite elements. Bottom part of foil illustrates available constitutive
models for target material.

4. Comparison of analytical predictions of axial deceleration in the
component region (aft end) of the penstrator assuming It is a rigid body
(dash) and a flexible structure (solid) for an impact of 150 fps into
Sidewinder tuff (a moderate strength rock).

5. Comparison of analytical predictions of lateral acceleration In the
warhead region (mid-station) of the penetrator assuming it is a rigid body
(dash) and a flexible structure (solid) for an Impact of 1500 fps, +2 degree
angle of attack, 20 degree from vertical angle of impact, Into Sidewinder
tuff.

6. Same as 5 but for component region. Compare with 5 to show variation of
lateral acceleration with longitudinal location. Note also the lateral
acceleration values are significantly higher than axial for this event.

7. Same as 6 but for +4 degree angle of attack instead of +2. Compare with
6 to show high degree of sensitivity of lateral acceleration to angle of
attack.

S. Structural model of baseline penetrator WR design. Structural effects
of internals have been included In case elements. The weak spot Is the



analytically determined region of highest stress in the case for a close of
penetration events. The case is thin and the internals are not stiff at
this location.

9. Magnitude of analytically predicted maximum total stress at the weak
spot In baseline design weapon case for a penetration event of 1500 fps, +2
degree angle of attack, 20 degree from vertical angle of impact. The total
stress includes axial and bending stress. The maximum value is near the 20
ksi yield stronth of the case material. Permanent deformation of the case
is not predicted for this event.

10. Same as 0 but for +4 degree angle of attack instead of +2. The maximum
stress value predicted by the linear elastic structural model far exceeds
the yield of the material, and permanent deformation of the case is
indicated for this penetration event. Compare with 9 to envelope predicted
structural capability of baseline design.

11. Analytically predicted lateral shock spectra in component region for

events discussed in 9 and 10. Result of this effort was to analytically

determine structural capability of penetrator case and then make initial

analytical specification of worst-case component shock environments.

12. Analyticully predicted axial shock spectra In component region for same

penetration events. Compare with 11 to show lateral shock environment is

much more rigorous than axial.

13. Illustration of field test configuration showing model of penetrator.

location of strain gages on inside of case, and schematic of Davis gun which

shoots penetrator into target. This was a virtually normal event, with no

angle of attack and only 2 degrees from vertical angle of impact.

14. Axial deceleration data from field test. As this data was

hand-digitized, it is inappropriate to infer frequency content from this

plot. The "lock-in" phenomenon is evidenced at time 0.056-0.651 sec. and is

caused by some combination of structural response of the penetrator and

elastic response of the target as the penetrator suddenly comes to rest. No

attempt is made to model the "lock-in" phenomenon in these analyses.

15. Analytically predicted axial deceleration for field test event assuming

rigid body penetrator.

16. Analytically predicted axial deceleration for field test event using

structural model of flexible penetrator. Note reasonably good correlation

between analysis and data for initial rise time and peak value. Zero time

is arbitrary.

17. Axial stress (strain) data from field test. The two lines represent

results from two gage pairs; the degree of correlation between the two pairs

is Indicative of high quality data. The rapid fall-off at time 0.002 sec is

due to the flared aft end of the penetrator contacting the target and

reducing axial stress.

18. Analytically predicted axial stress (strain). Note reasonably good

correlation between analysis and data for Initial rise time and peak value.
The effects of the flared aft end were not considered in the analysis.

19. Bending stress (strain) data from field test. Note the magnitude of

bending stress is comparable to the axial for this event. As this was a
virtually normal impact event, significant bending stress was was not

expected. Note also that the subsequent peak value at time 0.0075 sec is at

a different planar orientation than the first peak value.



20. Analytically predicted bending stress (strain) assuming 1 degree angle

of attack. Analysis did not predict significant bending stress for the

event as tested.

21. Analytically predicted rigid body axial decelerations for a penetration

event comparing results for a solid concrete target with a layered, concrete

target one foot thick above soft soil. This is for a different penetrator

configuration than previously discussed.

22. Axial deceleration data from field test Into a one foot thick layered

concrete target at 670 fps for comparison with 21. Again zero time is

arbitrary, and the data has been hand-digitized. The degree of correlation

between the prediction and data is encouraging and indicates this analytical

technique is applicable for penetration Into layered targets.

23. Illustration of laboratory shock test setup for applying controlled

high-level axial and lateral forces to an instrumented penetrator.

24. Axial strain from axial laboratory shock test (solid) and from

analytical prediction (dash). Top graph is for original (unreconciled)

structural model; bottom graph shows improvement in correlation between test

data and prediction after analytical structural model was reconciled by

adjusting damping coefficient.

25. Bending strain from lateral laboratory shock test (solid) and from

analytical prediction (dash). Top graph is for original (unreconciled)

structural model; bottom graph shows improvement in correlation between test

data and prediction after analytical structural model was reconciled by

adjusting lateral damping coefficient and effective stiffness of internal

Joints. View foils 24 and 25 illustrate desirability and feasibility of

reconciling analytical structural models with pertinent laboratory data.

26. Conclusions summary.
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AXIAL LABORATORY STRAIN AND STRUCTURAL PREDICTION

' original model120

0I

,- I

-40t

IIo,,o , o . __

0, -29 - - I dat •

-W1 test data

-199----------------------------------------------

-as

-120
G. .9904 .OE8 .9012 .9016 .902

.9902 .9996 .901 .9914 .9913

TIME (SEC )

AXIAL LABORATORY STRAIN AND STRUCTURAL PREDICTION
12 9

as - reconciled model -

20
49 - / - - - - - - - - - - - - - - - -

3-49 I

-a-

-199

-129 9. .9994 •.9998 .9912 .9916 .992
9002 .g9o" .091 .0014 .Ni1

TIME (SEC)
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BENDING LABORATORY STRAIN AND STRUCTURAL PREDICTION

27-

2W9 - original model - ------

Is

Im

* __

-2S5 estdt

9. .99 GB 93 1 .9916 .09924 .28.9032 WS.004

TIME ( SEC)

BENDING LABORATORY STRAIN AND STRUCTURAL PREDICTION

399 0-- - -- - - - - -

27S _

259

299 reco nailed model -- - -__-

Z 175 .

0 2S

2S

-2s

a. .93 .0016 .0024 .0832 .904
go"6 .912 .002 .own now3

TIME ( SEC)
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EXPERIMENTAL EARTH PENETRATOR RESPONSE DATA

ANALYSIS FOR APPLIED FORCE ESTIMATION

by

Vesta I. Bateman
Vibration Testing Division

Sandia National Laboratories
Albuquerque, NM

ABSTRACT

Penetrator response measurements for an experimental earth
penetrator are made on the inside of the penetrator case with
strain gages. The penetrator structural characteristics are
measured with the strain gages in response to a high-level point
force generated by a Reverse Hopkinson Bar Technique, developed
at Sandia. The Reverse Hopkinson Bar Technique uses a steel bar
propelled from an air gun to generate the force input to the
penetrator. The force can be reproduced with repeatable
characteristics which allows averaging of the response data. The
penetrator was excited in both the axial and lateral directions
with the Reverse Hopkinson Bar Technique so that both axial and
lateral impulse response functions may be calculated from the
response data.

Since response measurements are made at only one axial location
on the penetrator case, the force estimation method is restricted
to the solution of the basic measurement convolution integral,

t

y(t) = I h(t)f(t-r)dr

0

where y is the measured field response, h is a characterization
of the penetrator structure in the form of impulse response, and
f is the force which caused that response. The force is
generated by explosively propelling the penetrator into a target
such as rock. The solution to the convolution integral is a



.t I.

* "-2-

deconvolution problem which employs a discrete form of equation
(1) transformed into the frequency domain as

Y =  IIF (2)

The measured field response may be resolved into a vector of
axial and lateral components, so equation (2) may be solved for
the force vector of two penetration forces as

F = H-1 Y (3)

where H is a Zx-2- matrix of impulse responses which have been
transformed into the frequency domain as frequency response
functions.

Although the force estimation from equation (3) appears
straightforward, there are several problems which arise in its
calculation; these problems will be illustrated and discussed in
the paper. The axial force estimates will be compared to what is
considered to be the rigid body force which is a technique also
used to estimate the axial penetration force from measured
response data. An evaluation of the force estimation will be
made as well as recommendations for future measurements to allow
better estimates of the field penetration force environment.
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ATTACKING STRATEGIC RELOCATABLE TARGETS:

AN ARTIFICIAL INTELLIGENCE APPROACH

H. W. Edgorf

Los Alamos National Laboratory
Los Alamos, NM

J. S. Denelsbeck

Strategic Air Command Liaison Office

Los Alamos National Laboratory

Los Alamos, NM

Introduction that includes tools and techniques developed by
the Artificial Intelligence Community. This paper

Strategic Relocatable Targets (SRT) represent addresses some of the distinctions and advantages
a significant problem to strategic target plan- of our approach to simulations in the context of
ner-.. Operational concepts that heretofore were the SEAT development.
adequate to hold fixed targets at risk are no
longer valid. The problem is now a multidimen- The simulation presented in this paper was
sional one that forces inclusion of timely, implemented using Common Lisp, Common Windows, and
accurate C31 in any technical solution to the KEE* running on a Symbolics** 3600. SEAT also in-
relocatable problem. C31 is essential for ac- corporates existing modules which have been
curate tracking, cuing, and attacking SRTs such as written in procedural languages such as FORTRAN.
the rail mobile SS-24 and road mobile SS-25. The KEE is an expert system shell based upon a frame
integration of C3I and weapon systems acting in system that provides a variety of modern program-
concert with National Security Policy lends itself ming paradigms.
to the application of artificial intelligence
methods. A knowledge engineering environment al-
lows the rapid prototyping of new capabilities in Model Reguirements
arenas of interest including policy, decision
processes, sensors, weapon systems, or warhead and SEAT is designed to assist in the determina-
effects. To effectively determine both optimal tion of which factors can affect combat involving
and sub-optimal solutions to the problem, evalua- systems that employ C

s and decision-making as well
tions of system capability must be made in the as the more normally modeled physical aspects of
context of tactics, standard and non-standard the objects under analysis. The requirements of
weapon effects, targeting methodology and C

3
1 in- such a system include those normally associated

tegration. The Strategic Engagement Analysis Tool with large simulation models, as well as some new
(SEAT) is a model that performs such an integra- requirements associated with the C3 repre-
tion. sentations.

Backstround i. SEAT allows modeling Cs and decision-

In examining the multi-dimensional environ- making activities of organizations

ment of the relocatable target problem, one must associated with the SRT problem in a

consider the integration of technology, doctrine, form that is intuitive to the analyst.

and tactics with an order of battle. The analysis to be performed with SEAT
will often deal with the C3 repre-

SEAT is a simulation of a number of dif- sentations more than the physical

ferent, interacting systems in the strategic process representations. We attempt to

warfare arena. The SEAT model includes repre- make these C' representations explicit

sentations of strategic relocatable missile and easy to access by the analyst rather
launchers, target acquisition systems, air deftnae than burying such representations in the

systems, offensive attack systems such as ICBMs model's computer code.

and manned bombers, and the associated Command and
Control Systems. 2. SEAT is flexible from the viewpoint of

the analyst in allowing different con-

Traditionally, military simulations have figurations and scenarios to be used

focused on physical process representations such with SEAT.

as weapons effects. SEAT attempts to balance this
with explicit representations of C' and decision-
making processes. Our attempt to enhance the
behavioral and decision making aspects of military KEE is a trademark of Intellicorp, Mountain View,
simulations brings with it a set of unique chal- CA.
lenges. We meet these challenges by blending **
traditional software engineering methodologies Symbolics is a trademark of Symbolics Inc.,
with an advanced computing development environment Cambridge, MA.
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4.

3. SEAT also provides the normal statis- to visually sight targets in addition to whatever

tics, history, pre- and post-processors, the SAR sees.
etc., provided by simulation models used
for analysis of physical systems. These two actors involve several different

classes of objects. (The classes listed here are
Software Enaineerine those used for this example. SEAT contains many

more classes of objects than those listed here.)
The software engineering used in SEAT and the

design of the SEAT analysis tool have been driven 1. Aircraft in SEAT are objects that follow
primarily by the model considerations just dis- flight plans provided by the analyst.
cussed. These considerations have led to a design This class provides the basic simulation
with the following major characteristics: event procedure that steps the aircraft

along its flight plan.

1. An Actor-based specification technique
is used. This technique characterizes This class is specialized in two areas.
each object upon which analysis is to be Different aircraft performance charac-
performed as an Actor. Each Actor in teristics can be provided by different
the simulation has both physical subclasses. This might be used to
capabilities (as are normally modeled in provide subclasses B-lb and SR-71 with

a more traditional simulation systems) the two example actors above each being

and cognitive capabilities that repre- an instance of its special class.
sent the decision-making and associated (Aircraft performance characteristics
C
3 capabilities of the object. are similar enough that this is often

not done. It is sufficient for the

2. An Object-Oriented design technique is analyst to provide different operational

used that characterizes the exercise of parameters such as speed, fuel use, etc.

any capability of an Actor as an event to the single class Aircraft.) This is

associated with an object representing illustrated in Fig. I.

that Actor. The events representing the ____.-._____._,.. __.____........____ir___

exercise of a physical capability of an
Actor are methods of the associated ob- ----

ject usually written in a procedural /nu Amtnu- um--

programming language (Lisp and FORTRAN//' a- ua-uzuc.. . ,
in the case of SEAT). The events repre- \

senting the exercise of a cognitive
capability of an Actor are methods of a -,W'-

the associated object usually written VAN -PTaOU-VAj

using a forward-chaining rule system. ................__ _

The use of the forward-chaining rule system Fig. 1.
to represent the decision-making and C3

capabilities of the Actor provides an explicit A different specialization is used to
representation of these decision-making processes, perform housekeeping chores for the

simulation. For example, those aircraft
The Actors of SEAT that wish to be seen on a graphic dis-

play can be made an instance of the
SEAT is an Object-Oriented model that makes class Aircraft-With-Images rather than

use of multiple inheritance to define the behavior the class Aircraft. Aircraft-With-
of actors in the simulation. Images is a subclass of Aircraft that

provides an appropriate graphic image,
The structure of SEAT is a directed-graph of and specializes the behavior of the

classes with a distinguished root node called basic simulation step of the aircraft to
SEAT-Objects. The classes farther along the graph include moving the graphic image on the
inherit characteristics and abilities from those display as needed.
classes earlier in the graph, and may specialize
or augment those characteristics and abilities to
create more specialized sub-classes. 2. Sensors in SEAT are objects that provide

the ability for a SEAT actor to detect
An analyst creates a scenario for a SEAT other SEAT actors. This class is ape-

analysis task by indicating that specific in- cialized into subclasses that provide
stances of these classes will be created with different types of area coverage, dif-
specific initial values. These instances then ferent detection probabilities, and
represent the actors with whom the simulation other operational parameter differences.
operates.

3. Weapon Systems in SEAT are objects that
An example of this is the creation of two provide the combined functionality of a

different sorts of aircraft to participate in a Weapon-Delivery-System object and one or
simulation task. The first will represent a more Weapon-Warhead objects.
reconnaissance aircraft with flight characteris-

tics similar to an SR-71 and a Synthetic-Aperture- The Weapon-Delivery-System object
Radar (SAR). The second will represent an attack provides the policy regarding use of
bomber similar to a B-I, with the same SAR as the that weapon system, and the events for
SR-71 reconnaissance aircraft and four SRAMs. The the simulation that deliver the as-

-1 will also include the capability for a crewman sociated Weapon-Warhead to its

2



detonation location. Weapon-Delivery- At the end of this modified flight segment,
System objects range from simple gravity the target is attacked, and the aircraft com-
bombs (that must be released at the municates the results of the attack to the
detonation location) that fall for a controlling C3 by way of posting an event for
period of time and then detonate, to that actor so that the C3 actor can update
SRAMs and cruise missiles that have its perceptions and continue the cycle.
relatively complex behavior independent
of the launching aircraft. This sort of explicit representation of the

C3 and Decision-Making has several benefits.
The Weapon-Warhead object provides a

weapon effects algorithm used when the 1. The main benefit is a rather subtle but
delivery system has delivered the war- pervasive change in the way a simulation
head to its detonation point, is designed. Many existing simulation

designs put an emphasis on the physical
In order to construct a Reconnaissance activities in the situation being

Aircraft actor, the analyst creates an instance modeled. Representation of C 3 and
that is a member of the SR-71 and SAR-sensor Decision-Making is added at a late stage
classes. The aircraft will follow the analyst's of the design as decisions in the proce-
provided flight plan and the associated sensor dural code representing the physical
will detect potential targets according to the activities in the situation.
sensor's capabilities, and cause the reporting of
sensor detections to a central C3 actor. An early split between physical and cog-

nitive capabilities of an actor in the
To construct the Armed Recce actor, an object simulation encourages the simulation

is constructed in a similar way to the designer to make a distinction between
Reconnaissance Aircraft actor with the addition of the perceived state of a situation as
membership in a Sensor class that represents a viewed by the actor and the actual, or
crew member looking out of the aircraft, and the ground truth, situation that is the
addition of membership in the class of SRAMs with reality of the situation at that moment.
a nuclear warhead. Making the actor an instance It is this clear distinction between the
of the weapon system class causes the basic physical reality and the perception that
simulation step event of the aircraft to be forms the basis of the modeling of C3

modified with decision-making procedures regarding and decision-making in SEAT.
the use of that weapon system against detected
targets. Such behavior modification is automatic, 2. The emphasis on physical activities in
and requires no assistance by a programmer to the the situation being modeled leads to a
analyst. sequence of events of the form Physical-

event-l..Physlical-event-2 -....-
Policy. Decision-Making. and Cs in SEAT Physical-event-n. The ability to model

cognitive processes as well as physical
A major characteristic of SEAT is its treat- processes leads -o a refined picture of

ment of decision-making and C3 . Objects in SEAT an activity that includes an initial as-
can explicitly represent a doctrine or policy set sessment of the current situation (based
and make decisions based upon that policy. This on the perceived situation) followed by
decision-making process is represented using a the physical activity decided upon
Forward-Chaining rule system. (based on the actual; or ground truth,

state) followed by another assessment.
An example of the use of this decision-making This sequence of decide what to do, do

representation is given using the two aircraft ac- it. assess the results of your actions
tors described above. repeats throughout the simulation, with

the assessment at the end of one ac-
The Reconnaissance Aircraft actor detects a tivity usually connected with the
potential target during one of its step decision on the next thing to do. This
events. An event is created for the control- leads to an event sequence of the form
ling C3 actor representing the receipt of a Assessment-and-decsion-even-1.-
message from the Reconnaissance Aircraft ac- Phvsical-event-l-4-Assessment-and-
tor. decision-event-2 -- Physical-event-2--,.

-Physical-event-n.
The receipt of the message causes the rule
system to examine the perceptions of the C3  3. The split between cognitive and physical
actor regarding targets and attacking sys- activities assists the designer in
tems. This decision-making procedure may building C3 representations into the
cause the controlling C3 to schedule a new model. Each actor builds perceptions
event for an Armed Recce actor in the region based on what it can determine about the
of the perceived target directing that actor situation, and acts on those percep-
to attack the target. tions. The C3 structure of the system

under study is naturally built as the
The receipt of that message by the Armed major factor affecting the perceptions
Recce aircraft causes a modification of the of some of the actors.
aircraft's flight plan (initially provided by
the analyst via scenario description) to 4. The existence of a forward-chaining rule
enter an attack mode, fly to an appropriate system provides a natural tool for the
release point, and attack the target. description and implementation of the

3



cognitive activities in the simulation. Air Defense.systems (ground based):
The benefits of the use of such a system
are that the policy of the situation be- search radar--
comes an explicit object rather than an
artifact of the flow of control within 1) 1 in. 25 slope
some program, and that such an explicit
object becomes another target upon which 2) 1 in. 50 slope
analysis can be performed. Many exist-
ing and planned analysis tasks for SEAT 3) 1 in. 75 slope.
involve modeling of effects of changes
to the C3 and decision-making aspects of Both the probability of detecting the SRT and
the situation rather than the effects of the probability of surviving to strike the target
changes to the physical characteristics are indicated for three altitude regimes.
of the actors.

Model Outputs TABLE I.

SEAT provides two main interactions with the PATTERN: CUED ALTITUDE
analyst. The construction of the system with an 200 500 800
object-oriented design allows easy integration of Sensor A 1.31 1.31 3.92
graphics which provide near real-time visualiza- Sensor B 1.31 --- 6.52
tion of the systems under analysis. Also, the Sensor C 2.61 6.52 9.14
system produces a history trace of all events ex-
ecuted by the system along with statistics PATTERN: GEOMETRIC
generation detailing the behavior of the systems 200 500 800
under test. These history mechanisms allow a Sensor A --- 0.72 0.72
variety of post-processors to be used for data Sensor B -0- 2.17 5.88
reduction and report generation. Sensor C 0.72 5.07 11.02

Analysis Capabilities Valves shown are # contacts/hour

The model as currently structured permits the Summary:
evaluation of the search and attack scenarios for
holding SRTs at risk. We model the search, iden- The cued search yielded a higher number of
tification, reporting, and strike phases of the contacts on the brigade in all cases with the ex-
mission. This is all accomplished in an air ecption of Sencor C at 800 meters. The exception
defense environment that can be varied in both in this case is due to the extremely large viewing
quality and quantity, area. At this sensor-altitude combination. While

this analysis remains rudimentary in nature, the
For the example analysis, given as part of flexibility of the model has been demonstrated.

this paper. The altitude, speed, sensor suites,
and search patterns were varied to determine the Future Directions
optimum search mode. The following represents the
variation in parameters used in this sample SEAT was initially implemented as a proof of
analysis. concept prototype incorporating all of the aspects

discussed. This prototype was successful in
Armed Reconnaissance Aircraft (air speed demonstrating the feasibility of both the utility

800 km/hr): of the model (even in its prototype/demonstration

form) and the power of the C3 representations
Search Patterns: used.

I) Geometric, SEAT is currently being re-implemented as a

production analysis tool with additional emphasis2) Probable SRT deployment areas with on the reliability, maintainability, and correc-
cueing. tions of its operation. Major elements to be

added are:
Altitudes:

1. Different mobile targets. The prototype
1) 200 meters and the initial production version of

SEAT only model SS-24s on a rail net-
2) 500 meters work. Target systems such as SS-25s on

road networks are being added.3) 800 meters.

2. Additional sensing capabilities. The
Sensors: prototype includes only simple sensor

capabilities. The production version
radar will include much more accurate and

specific models of sensing devices.
1) 1 in. 25 slope

3. Expanded and enhanced air defense sys-
2) 1 in. 50 slope tems, environments, and capabilities.

3) 1 in. 75 slope.

-- -- ----a m i d ili i 14



4. Enhanced terrain and environmental rep- easy scenario specification facilitate this re-

resentations. The prototype employs a quirement. The actor's physical and cognitive

simple node and edge representation of capabilities as well as the number and type of ac-

the target rail network. An enhanced tors can vary with simulation runs; thus,

terrain representation is being incor- providing an extremely flexible analytical tool

porated into the production model to and analysis environment. By explicitly modeling

allow other environmental conditions both physical and cognitive capabilities, the real

such as trees, elevation, smoke, dust, world system is more accurately portrayed within
weather, and cloud conditions, the simulation.

5. Additional environmental aspects such as We view SEAT as the first step in developing

generators for background rail traffic, a library of objects (e.g., planes, sensors,
and the associated cognitive weapons, etc.) which can be reused as necessary in

capabilities required to characterize future simulation developments. It is easy to

SRT targets. visualize a reconnaissance plane in SEAT, modeled
as an object, which could be reused in a simula-

6. Additional C
3 

aspects. The structure tion of the conventional battlefield in Europe.

for C
3 

is In place, but details will be The capability provided by advanced computing en-

added over time. Of particular interest vironments such as KEE to create and modify

is the use of additional operational in- objects, encapsulate the object's capabilities and

formation regarding the deployment and data structure in the object definition, and to

employment of the mobile targets as such confine the interface with the object to a well-
information becomes available, and the defined protocal provided by the object oriented

addition of a more detailed model of the system forms a solid foundation for our simulation
C
3 

structure, the SRT system and of the developments. Our ultimate goal is to be able to

Soviet air defense system. respond quickly to analysis needs by tailoring new
simulations quickly to the analysis task at hand.

Summar Libraries of reuseable objects are essential to
our capability to do this.

SEAT provides the capability to perform sen-
sitivity analysis. Dynamic creation of actors and

.. . . ......... .li m n nnilnum ini • | m


